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68 The Journal of Thoracic and Cardiobjective: The aim of this retrospective study was to evaluate the possibility to
redict postoperative graft patency in coronary surgery by means of intraoperative
ransit-time flow measurement.
ethods: Of 3567 patients submitted to isolated myocardial revascularization from
une 1997 through June 2003, 157 (4.4%) underwent both intraoperative transit-
ime flow measurement and angiography at follow-up. Thirty-six have been revas-
ularized on a beating heart. Three hundred four grafts, 227 arterial conduits, and 77
aphenous vein grafts were checked.
esults: No patients died, and none of them had an acute myocardial infarction
ithin 12 months after the operation. After a mean of 6.7  4.8 months from the
peration, 266 grafts (group A) were completely functioning, whereas 38 grafts
group B) had failed. The transit-time flow parameters recorded in the latter group
ad significantly lower mean flow and higher pulsatility index and percentage of
ackward flow values at both univariate and multivariate analysis. Moreover, mean
ow values of 15 mL/min or less, pulsatility index values of 3.0 or greater, and
ercentage of backward flow values of 3.0% or greater were found to be indepen-
ent variables for higher incidence of graft failure.
onclusions: Transit-time flow measurement represents a quick, easy, and repro-
ucible method for intraoperative evaluation of graft function. The combination of
he 3 major parameters (mean flow, pulsatility index, and percentage of backward
ow) results in the chance to predict a graft failure (either anatomic or functional)
ithin the first postoperative year.
 
he incidence of perioperative graft failure has been estimated to be from 5%
to 11%.1-5 Early graft patency can influence either early or late outcome after
coronary artery bypass grafting (CABG).6 Even if angiography still repre-
ents the gold standard for anatomic evaluation, the chance of intraoperative
ssessment of the quality of the anastomosis has been an unachieved goal since
ABG was started.
Several methods have been introduced over the last decade,7-9 with the aim to
heck graft viability. Transit-time flow (TTF) measurement has been reported to be
vascular Surgery ● September 2006
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Psuitable method for easy and quick intraoperative func-
ional graft assessment,10-13 independent of vessel size and
hape.8
Many authors have already validated this method, com-
aring TTF with intraoperative14 or postoperative15 angiog-
aphy. The aim of this study was to evaluate to what extent
TF parameters can be considered as predictors of graft
ailure in the early follow-up period.
aterial and Methods
opulation
n this retrospective study all the patients undergoing isolated
ABG who had both intraoperative TTF measurement and post-
perative angiographic control within the first year after the oper-
tion were included. All patients with sequential grafts were ex-
luded from the analysis.
Of 3567 patients submitted to isolated CABG from June 1997
hrough June 2003, 157 (4.4%) underwent both quality control
ethods. Mean age was 63  9 years. Twenty-eight (17.8%)
atients were women. The mean value of the logistic EuroSCORE
cross the total population was 5.5%.
Of 304 conduits checked by means of either intraoperative TTF
easurement or postoperative angiography, 227 were arterial con-
uits, and 77 were saphenous vein grafts. Among the arterial
onduits, 157 were left internal thoracic artery, 62 were right
nternal thoracic artery, 3 were right gastroepiploic artery, 2 were
adial artery, and 3 were inferior epigastric artery conduits. One
undred eighty anastomoses were grafted on the left descending
rtery, 77 on the circumflex system, and 47 on the right coronary
rtery system.
atient Selection
natomic selection criteria to off-pump surgery were vessel size
1.2 mm) and freedom from diffuse coronary calcifications.
linical selection criteria were the absence of mechanical insta-
ility, electrical instability, or both in the operating theater, with
he final decision depending on the expertise of the surgical team
esponsible for the operation.
urgical Technique
On-pump. Cardiopulmonary bypass (CPB) was instituted by
Abbreviations and Acronyms
%BF  percentage of backward flow
CABG  coronary artery bypass grafting
CPB  cardiopulmonary bypass
EMF  electromagnetic flowmeter
OR  odds ratio
PI  pulsatility index
Qmax maximum flow
Qmeanmean flow
Qmin minimum flow
ROC  receiver operating characteristic
TTF  transit-time floweans of cannulation of the ascending aorta and right atrium. A c
The Journal of Thoracictandard circuit with a hollow-fiber membrane oxygenator and a
oller or centrifugal pump was used. Body temperature during CPB
anged between 34°C and 37°C. Myocardial protection was achieved
y means of intermittent antegrade warm blood cardioplegia.
Off-pump. One hundred twenty-one patients were revascular-
zed on a beating heart. The technique of exposure and stabiliza-
ion of target coronary vessels changed over time. In the first
eriod we used a method previously reported by our group.16 In
he most recent years, apical suction was used to expose the target
essels (Xpose; Guidant Corp, Cupertino, Calif); stabilization was
chieved by means of pressure (Access Ultima System, Guidant
orp) or suction (Axius Vacuum 2 System, Guidant Corp). The
arget vessel was occluded with different methods over time. In the
rst part of our experience, a 5-0 Prolene suture that was passed on
small piece of silicon tubing and then gently snared was used.
ecently, the shunting procedure (Chase Medical, Dallas, Tex)
ecame the method of choice.
TF Measurement Technique
he theoretic basis and procedure of TTF measurement have
lready been reported.13-15,17,18 The TTF measurement device
sed in this study was the CardioMed Flowmeter (Medi-Stim AS,
slo, Norway). In case of off-pump surgery, TTF trace was
ecorded after each graft had been completed; in case of on-pump
rocedure, TTF was evaluated after weaning from CPB, after
rotamine, and immediately before chest closure. We always con-
idered the trace recorded immediately before the chest closure for
he analysis. The size of the probe was chosen, taking care to fit the
onduit caliber.
In case of harvesting of internal thoracic arteries as skeleton-
zed vessels (the vast majority of cases), a good coupling with the
robe was easily achieved. In 8 patients a pedicled graft (radial
rtery, gastroepiploic artery, or inferior epigastric artery) was used.
n this case a small segment of the graft was skeletonized to
mprove the contact with the probe.
In all cases TTF measurement was recorded at a systemic
ystolic pressure of 100 mm Hg.
efinition of Terms
Failed graft. Every graft showing a type B or 0 lesion at
ngiography, according to the Fitzgibbon classification,19 was
onsidered a failing graft. Twelve-month follow-up was chosen as
time span cutoff point within graft failure that could be consid-
red a result of technical problems.
TTF analysis. TTF analysis can provide the following param-
ters: mean flow calculated across 5 cardiac cycles(Qmean), max-
mum flow recorded in 1 cardiac cycle (Qmax), minimum flow
ecorded through 1 cardiac cycle (Qmin), pulsatility index (PI) as
he ratio between the difference ((QmaxQmin)/Qmean), and
ercentage of backward flow (%BF) as the amount of flow through
he graft directed backward across the anastomotic site (Figure 1).
he latter is defined as that percentage of the area of 1 cardiac
ycle drawn by the trace below the zero flow line compared with
he total flow area of the same cycle. In case of nonoccluded or
ell-collateralized left anterior descending coronary artery grafted
y left internal thoracic artery, the BF is produced by the time
elay running between the systolic wave onset through the native
oronary system and the systolic wave through the graft. This
and Cardiovascular Surgery ● Volume 132, Number 3 469
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CSPelay could be assigned to the anatomic distance from the coronary
stia and the origin of internal thoracic arteries from subclavian
rteries. The PI and %BF values are positively correlated (r 
.82).17
Follow-up. The patients were followed up in our outpatient
linic at 3, 6, and 12 months after surgical intervention. All of them
nderwent angiographic control within 12 months after the oper-
tion, in 72 cases because of recurrence of angina. Follow-up was
00% complete in December 2004.
tatistical Analysis
he 2 groups were compared by using unpaired 2-tailed t tests for
ontinuous variables or the 2 test for categoric variables. Logistic
egression was used to obtain risk factors for graft failure within
he first postoperative year. Optimal cutoff values of Qmean, PI,
nd %BF to predict graft failure were determined by means of
eceiver operating characteristic (ROC) curve analysis. The area
nder the curve, 95% confidence limit, and P value are also
eported. The optimal cutoff value was defined as providing max-
igure 1. The trace shows a normal curve with its parameters.
mean, Mean flow; Qmax, maximum flow; Qmin, minimum flow;
I, pulsatility index; BF, backward flow.
ABLE 1. TTF measurements according to functioning (gro
Overall (n  304) Group A (n  2
max (mL/min) 56 36 58  36
min (mL/min) 6.7  17.5 6.2  17.8
mean (mL/min) 28 21 31  21
15 mL/min 71 (23.4%) 35 (13.2%)
I 3.2 5.9 2.8 4.7
3.0 84 (27.6%) 59 (22.2%)
BF 3.7 9.0 2.7 5.8
0% 97 (31.9%) 79 (29.7%)
3.0% 84 (27.6%) 64 (24.1%)
LR, Stepwise logistic regression; OR, odds ratio; Qmax, maximum flow; Qm
ackward flow.
70 The Journal of Thoracic and Cardiovascular Surgery ● Septemal sensitivity and specificity. SPSS software (Chicago, Ill) was
sed for analysis.
esults
linical Outcome
ll the patients experienced an uneventful postoperative
ourse.
Angiographic results. After a mean time interval of
.7  4.8 months after the operation, 266 grafts were fully
atent (group A), and 38 grafts (group B) were failing, with
he overall perfect patency rate19 being 87.5%. According to
oronary distribution, the patency rate was 90% on the left
nterior descending coronary artery territory, 87% on the
ircumflex system, and 78.7% on the right coronary artery
ystem (P  0.561). The patency rate was 86.1% in off-
ump surgery and 88.3% in on-pump surgery (P  0.561).
TTF analysis. The Qmean of the total group was 28 
1 mL/min. One hundred five grafts had a Qmean value of
qual to or less than 15 mL/min. The mean PI value was
.2  5.9. The %BF value was 3.6%  9.0%. Failed grafts
ad significantly lower Qmean values along with higher PI
nd %BF values compared with those of the patent grafts at
nivariate and multivariate analysis (Table 1). This finding
as confirmed either in case of recurrence of angina or in
symptomatic patients. Moreover, Qmean values of 15 mL/
in or less, PI values of 3.0 or greater, %BF values of 3.0%
r greater, and the absence of BF represent independent
ariables for higher incidence of graft failure at follow-up.
he ROC analysis is reported in Table 2.
esults According to Graft Type
he patency rate in case of arterial conduits was 92.5%,
hich was significantly higher than that in vein grafts
72.8%, P  .001). Splitting the analysis according to
rterial or vein conduits, we found that Qmean (odds ratio
OR], 0.84; P  .001), PI (OR, 1.1; P  .007), and %BF
OR, 1.1; P  .002) values were predictors of early post-
perative failure in case of arterial grafts.
) or failing (group B) grafts
Group B (n  38) P value SLR (OR, P value)
38  21 .001 0.96, .001
9.2  15.3 .327 —
11  4 .001 0.84, .014
36 (94.7%) .001 21.2, .001
6.4  10.9 .001 1.1, .014
25 (65.8%) .001 3.5, .001
10.2 19.5 .024 1.1, .001
18 (47.4%) .029 2.1, .031
20 (52.6%) .001 3.5, .001
inimum flow; Qmean, mean flow; PI, pulsatility index; %BF, percentage ofup A
66)
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PQmean (OR, 0.86; P  .002), PI (OR, 1.3; P  .031),
nd %BF (OR, 1.1; P  .041) values were confirmed to be
redictive parameters of graft failure, even in case of venous
rafts.
The prediction model and the cutoff values based on
OC analysis according to the type of graft are reported in
able 2.
iscussion
raft failure after CABG, estimated from 5% for the inter-
al thoracic artery to 25% for vein grafts,1-5 is one of the
ost important risk factors for perioperative myocardial
nfarction and hemodynamic instability.3,20 According to
ur database, early mortality dramatically increases in case
f either perioperative myocardial infarction (from 1.4% to
6.7%, P .001) or hemodynamic instability (from 2.3% to
7.0%, P  .001). Therefore we strongly believe that the
ossibility of intraoperative assessment of graft function is
rucial in determining the results of CABG, independent
rom the surgical strategy chosen.
An intraoperative control method should be easy to han-
le, not time consuming, minimally invasive, easily mean-
ngful, and relatively cheap; in addition, it should offer
bjective parameters more than qualitative criteria.
Although intraoperative angiography is still considered
he gold standard, it presents many shortcomings: man-
ower, large instrumentation, significant invasiveness be-
ause of the need of contrast dye injection, long operating
ime, and high cost.14,21 Epicardial ultrasonography uses a
3-MHz probe to visualize the geometry of the anastomotic
ite.22,23 Added value is given by color Doppler technology
hat can lead to more complete intraoperative assessment of
he anastomosis.23 Epicardial ultrasonography, in the best
ABLE 2. ROC analysis
AUC 95% CL P value Cutoff Se Sp PPV
verall
Qmean 0.89 0.85-0.93 .001 15 0.87 0.87 0.95
PI 0.72 0.62-0.82 .001 3 0.66 0.67 0.66
%BF 0.89 0.84-0.94 .001 3 1 0.67 0.53
Cs
Qmean 0.93 0.90-0.96 .001 15 1 0.89 1
PI 0.72 0.60-0.85 .001 3 0.67 0.80 0.63
%BF 0.87 0.78-0.95 .001 3 1 0.77 0.58
VGs
Qmean 0.83 0.73-0.92 .001 15 0.90 0.80 0.90
PI 0.70 0.59-0.85 .008 3 0.68 0.71 0.69
%BF 0.90 0.81-0.98 .001 3 1 0.75 0.58
UC, Area under curve; CL, confidence limit; Se, sensitivity; Sp, specificity;
PV, positive predictive value; Qmean, mean flow; PI, pulsatility index;
BF, percentage of backward flow; ACs, arterial conduits; SVGs, saphe-
ous vein grafts.echnologic setup, is able to provide a nice view of the g
The Journal of Thoracicnastomotic site, but functional data regarding runoff are
issing.22
Recently, a novel intraoperative imaging technique was
eported to evaluate graft patency.21 The SPY imaging
ystem (Novadaq Technologies, Inc, Toronto, Canada) is
ased on the properties of indocyanine green to become
uorescent when illuminated by laser energy (806 nm). The
uorescence is captured by a charge-coupled device video
amera at a rate of 30 images per second. Although this
ystem is relatively noninvasive and safe and can be repro-
uced more easily than standard angiography, it shows
ome limitations, as reported by the same author.21 The
echnique cannot quantify the amount of flow running
hrough the graft; in addition, there is quite often a lack of
bjective information about the quality of the distal anas-
omosis because of multiple influences of surrounding soft
issues. On the other hand, it can definitely help in assessing
he state of proximal saphenous vein graft anastomosis and
raft body, provided the conduit is being harvested without
urrounding tissues, as in the case of vein grafts or skele-
onized arteries. Concerning the financial aspects, TTF mea-
urement provides lower costs per procedure compared with
ye imaging methods, even for the chance to take additional
easurements at the same cost.
The possibility to detect graft flow intraoperatively has
een evaluated by many surgeons since the early 1970s by
sing an electromagnetic flowmeter (EMF).24 However, the
bility of EMFs in predicting postoperative angiographic
atency has not been proved. Louagie and colleagues,7
nalyzing more than 600 samples, stated that EMFs can be
ltered by probe fitting, nonconstant zeroing, and hematocrit
alue.
Louagie and coworkers25 reported more than 900 graft
ssessments using pulsed Doppler flowmetry. Seven (2%)
f them were identified as failing by means of abnormal
aveform configuration, low diastolic flow, and high PI.
fter the revision, all these parameters improved. In a
urther study26 the same authors reported the angiographic
esults of 214 grafts checked by means of pulsed-wave
elocity flow Doppler scanning at the time of the operation.
educed Doppler flow velocity was not found to be a risk
actor for lower patency rate at multivariate analysis. This
ethod presents many limitations: probe positioning (an-
le), motion artifacts, sample size, flow velocity profile, and
essel diameter.27 In other words, pulsed-wave Doppler
canning provides nice information about flow velocity but
o data concerning the volume of flow.
Use of a transit-time flowmeter is reported to be a non-
nvasive, relatively cheap, and time-saving procedure,8,10-13
orking independently from vessel size, shape, and Doppler
ngle.8 Many authors have already validated the method,
omparing TTF with intraoperative14 or postoperative15 an-
iography. Its main ability is to provide the amount of flow
and Cardiovascular Surgery ● Volume 132, Number 3 471
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CSPunning through the graft. How much this parameter is exact
nd reliable was demonstrated by Beldi and associates,18
ho compared the flow measured by means of TTF with the
ow measured by means of volume sampling (true flow) in
rteries and veins. They found a high correlation (r 
.93-0.95) between the 2 measurements.
The main limitation until now toward a wider use of TTF
echnology has been the lack of objective parameters and
lear-cut values to be considered predictive of failure be-
ond that noisy and almost flat trace, very close to the zero
ow line, which is striking evidence of a no-flow situation
ike that occurring in graft occlusion. Jaber and coworkers15
eported the results of an important survey aimed to test the
bility of 19 surgeons to detect anastomotic errors using
TF; the benchmark parameters were the analysis of Qmean
alues and the flow waveform. More than 70% of them were
nable to diagnose critical stenosis at the anastomotic site.
n fact, although Walpoth and colleagues11 stated that a
mean value of 20 mL/min is the cutoff value for intraop-
rative graft patency, others28 report some cases of patent
rafts showing even lower intraoperative Qmean values.
Indeed, Takami and Ina28 analyzed a series of 82 grafts
ntraoperatively checked by means of TTF and submitted to
ngiography 2 weeks after surgical intervention. At univar-
ate analysis, they found significant difference in some TTF
arameters. The analysis demonstrated that in nonpatent
rafts, Qmean values were lower, along with significantly
igher PI and %BF values, compared with those seen in
atent grafts, even if they did not report any cutoff value.
The ability of TTF measurement to provide on-off infor-
ation concerning the diagnosis of intraoperative graft oc-
lusion has been well assessed. Many authors13,29 have
eported how TTF parameters could vary in failing grafts
efore and after surgical revision. D’Ancona and associ-
tes13 analyzed the TTF findings in 41 revised grafts be-
ause of low flow or signal demodulation. After surgical
evision, Qmean values increased from 6.6 to 36.3 mL/min
P  .0001), and PI values decreased from 24.4 to 2.8 (P 
0001). Moreover, all but 3 presented a systolic flow pattern
ithout an evident diastolic modulation before revision;
fter surgical correction, the pattern changed into a different
odulation with a diastolic peak of flow higher than the
ystolic peak, coming back to the same modulation found in
ormal coronary circulation.17 In a recent study29 TTF was
sed to check 323 grafts. Seven of them were judged to be
ailing because of either low flow (Qmean of 5.4 mL/min)
r high PI value (11.3). After surgical revision, the Qmean
alue increased significantly to 26.4 mL/min, and the PI
alue decreased to 3.1.
A careful analysis of the above-mentioned reports could
e helpful in drawing some guidelines for surgeons who
ant to use TTF for detecting an intraoperative graft failure:
combination of high Qmean values and low PI and %BF b
72 The Journal of Thoracic and Cardiovascular Surgery ● Septealues, along with a diastolic waveform pattern, should be
onsidered as a marker of good graft performance with a
airly good probability of a postoperative course free from
schemic episodes. Moreover, a prompt detection of intra-
perative graft failure can reduce the cost of the CABG
rocedure, avoiding return to the operating room for hypo-
erfusion syndrome.
Nevertheless, none of the above-cited authors was able to
efine cutoff values for the given parameters.
Our retrospective study was carried out on 304 grafts
hose TTF parameters were recorded at the time of the
peration. All the grafts underwent angiographic control
ithin the first postoperative year. In the aim to assess the
redictive power of TTF parameters for graft patency in the
rst postoperative year, we analyzed those 38 grafts failing
t the angiographic control. Stepwise logistic regression
as able to prove that a Qmean value of 15 mL/min or less
OR, 21.2), a PI value of 3 or greater (OR, 3.5), and a %BF
alue of 0 (OR, 2.1) or 3.0% or greater (OR, 3.5) can be
onsidered cutoff values predictive for early graft failure.
Of 38 failing grafts, 5 (13.2%) showed low Qmean
alues, high PI values, and lack of BF along with a spiky
ystolic pattern (1 arterial and 4 venous grafts).13 This is a
lear picture of a failure caused by anastomotic trouble
intimal flap, purse-string effect, heel or toe tapering, and
cute thrombosis); all of them belong to the beginning of
ur experience with flowmetry, when we were somehow
keptical in revising the anastomosis on the basis of this
ethod. We progressively increased our confidence with
TF measurement so that we sooner became strong believ-
rs, considering TTF measurement as mandatory in all
rafts, irrespective of the surgical strategy used.
Beyond the chance to intraoperatively detect a graft
ailure and taking into account that notwithstanding the
ntraoperative revision we continue to observe a given per-
entage of angiographic evidence of early occlusion, we
imed to highlight other pictures that could predict an early
ailure.
Among the remaining 33 failing grafts, 20 (11 arterial
nd 9 venous grafts) showed a Qmean value of 15 mL/min
r less with a PI value of 3 or greater and a %BF value of
.0% or greater compared with 6.8% of functioning grafts
P  .001). Logistic regression confirmed that a combina-
ion of these 3 parameters is strongly associated with graft
ailure (OR, 15.3; P  .001), either in arterial (OR, 24.6;
 .001) or venous (OR, 6.6; P  .002) grafts.
The combination of low Qmean and high PI values in the
resence of high %BF values needs some speculation. The
vidence of some degree of %BF, as reported in the litera-
ure,17 is per se the proof of the anatomic patency of the
nastomosis. In fact, the formula for PI calculation clearly
emonstrates that it is directly proportional to the difference
etween Qmax and Qmin and inversely proportional to
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Pmean. Therefore in case of very low Qmean with a wide
ifference between maximum flow and minimum flow re-
orded (as happens in presence of a noticeable %BF), the PI
ecorded is fairly high (Figure 2). In similar situations the
BF value proves the patency of the anastomosis, but the
igh PI value is a strong predictor of late failure because
he higher the BF through the graft, the lower its downward
unoff. In our clinical practice we used to describe this
ituation as functional occlusion. The situation can occur in
ase of arterial Y grafting directed to different coronary
erritories with unbalanced stenoses in a feature known as
ompetition of flow. The TTF measurement makes this
ondition immediately evident, showing the normalization
f the waveform during temporary occlusion of the stealing
ranch. In case the trace modulation is totally below the
ero flow line with a reversal after occlusion of the stealing
ranch, there is a strong indication to disconnect the branch
rom the Y conduit, performing a new proximal anastomo-
is on the ascending aorta. In case of modulation across the
ero flow line, a pharmacologic test could be helpful to
imulate a hemodynamic condition similar to a standard
ifestyle. In our institution we used to perform 2 different
harmacologic tests addressed to different issues: the nor-
pinephrine test, involving injection of a 1-mL (0.02 mg/
L) bolus of the drug (Noradrenalina tartratol SALF Spa,
ergamo, Italy), allows us to increase systolic pressure, and
he dobutamine test, involving an injection of a 20 g/kg
olus of dobutamine (Dobutrex; Eli Lilly Italia, Sesto
iorentino, Italy), increases myocardial oxygen demand.30
f the Qmean value improves in these particular conditions,
igure 2. The trace shows a functional failure of the graft: mean
ow, 15 mL/min; pulsatility index, 3 or greater; percentage of
ackward flow, 3.0% or greater.he probability of an anastomotic failure is very low. g
The Journal of ThoracicThirteen grafts (34.2% of total amount of failing grafts)
resented with a %BF value of 0 and a Qmean value of 15
L/min or less but a PI value of 3 or less versus 0.4% (1)
f functioning grafts (P  .001). The multivariate analysis
onfirmed that absence of %BF, along with a low mean
ow, is a risk factor for graft failure over the first postop-
rative year (OR, 20.6; P  .001) (Figure 3). In this case if
he norepinephrine test does not allow improvement of the
mean value, we can be sure that the condition is compat-
ble with a technical problem on the graft body (dissection,
aematoma, or stenosis at proximal Y-branch anastomosis).
his particular situation is confirmed only in the case of
rterial conduits (OR, 29.3; P  .001).
In this retrospective study we analyzed a small cohort of
atients who underwent isolated myocardial revasculariza-
ion over a 6-year period in our institution. Its main limita-
ion is undoubtedly the unavoidable selection bias, mainly
aused by the difficulty to submit our patients to early
ostoperative angiography. In fact, although we used to
erform TTF in all patients undergoing CABG, only 157
4.4%) patients underwent an angiographic control in the
rst postoperative year of 3567 checked by means of TTF
easurement.
In conclusion, TTF is a quick, easy, noninvasive, and
eproducible method to evaluate graft functioning intraop-
ratively. It does not depend on vessel size, shape, and
oppler angle. Today its main limitation is the lack of
tandard interpretation of the TTF parameters to establish
hich graft can fail in the postoperative period. This retro-
pective study aimed to give surgeons some more indica-
ions to better analyze the graft functioning by mean of this
echnology. The Qmean, PI, and %BF values are the most
mportant factors to be considered for the analysis. In more
etail, a Qmean value of 15 mL/min or less should lead the
urgeon to strongly suspect a graft failure. PI and %BF
alues can be helpful in distinguishing a functional failure
ecause of incorrect indication to revascularization and/or
ncorrect surgical strategy from technical error either in
igure 3. The trace shows the absence of percentage of back-
ard flow, along with a low mean flow. This condition is the
irror of a technical problem on the body of the graft. PI, Pulsa-
ility index.raft harvesting or in performing the anastomosis. In this
and Cardiovascular Surgery ● Volume 132, Number 3 473
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CSPubset of patients, some pharmacologic tests could help to
redict the fate of the graft.
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